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Abstract
Objectives: Urokinase-type plasminogen activator receptor is a multifunctional glycoprotein, the expression of which is
increased during inflammation. It is known to bind to b3-integrins, which are elementary for the cellular entry of
hantaviruses. Plasma soluble form of the receptor (suPAR) levels were evaluated as a predictor of severe Puumala hantavirus
(PUUV) infection and as a possible factor involved in the pathogenesis of the disease.
Design: A single-centre prospective cohort study.
Subjects and Methods: Plasma suPAR levels were measured twice during the acute phase and once during the
convalescence in 97 patients with serologically confirmed acute PUUV infection using a commercial enzyme-linked
immunosorbent assay (ELISA).
Results: The plasma suPAR levels were significantly higher during the acute phase compared to the control values after the
hospitalization (median 8.7 ng/ml, range 4.0–18.2 ng/ml vs. median 4.7 ng/ml, range 2.4–12.2 ng/ml, P,0.001). The
maximum suPAR levels correlated with several variables reflecting the severity of the disease. There was a positive
correlation with maximum leukocyte count (r = 0.475, p,0.001), maximum plasma creatinine concentration (r = 0.378,
p,0.001), change in weight during the hospitalization (r = 0.406, p,0.001) and the length of hospitalization (r = 0.325,
p = 0.001), and an inverse correlation with minimum platelet count (r =20.325, p = 0.001) and minimum hematocrit
(r =20.369, p,0.001).
Conclusion: Plasma suPAR values are markedly increased during acute PUUV infection and associate with the severity of the
disease. The overexpression of suPAR possibly activates b3-integrin in PUUV infection, and thus might be involved in the
pathogenesis of the disease.
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Introduction
Hantaviruses cause two clinical syndromes in humans, hemor-
rhagic fever with renal syndrome (HFRS) in Eurasia and
hantavirus cardiopulmonary syndrome (HCPS) in the Americas
[1,2]. Puumala hantavirus (PUUV), carried by the bank vole,
causes a mild HFRS called nephropathia epidemica (NE) [1,2].
NE is prevalent in Finland, elsewhere in Scandinavia, European
Russia, and many parts of Central-Western Europe [1,2]. In
Europe, PUUV causes most HFRS cases, and in Finland, 1,000–
3,000 serological PUUV infection diagnoses are made annually
(http://www3.ktl.fi) [3].
The clinical severity of NE varies from subclinical disease to
fatal cases. However, the mortality rate is low, about 0.1% [4].
Typical symptoms are sudden high fever, headache, abdominal
pain, nausea, backache, and visual disturbances, while serious
hemorrhagic manifestations are uncommon [5–8]. Signs of renal
involvement are proteinuria, hematuria, and oliguria, the latter
being followed by polyuria [5–8]. During the oliguric phase, about
5% of hospitalized patients need transiently hemodialysis treat-
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ment [6–8]. Usual laboratory findings are leukocytosis, thrombo-
cytopenia, anemia, elevation of plasma C-reactive protein (CRP)
and creatinine levels, as well as proteinuria and hematuria [6,7].
Radiological pulmonary manifestations have been detected in
about one-third of hospitalized patients [9,10].
The pathogenesis of NE is incompletely understood. An
important feature in hantavirus infections is universally increased
capillary permeability leading to vascular leakage, but the
mechanisms behind this phenomenon are unclear [11–13]. The
endothelium of the small vessels in various organs is the primary
target of hantavirus infection and b3-integrins mediate the cellular
entry of pathogenic hantaviruses [14,15]. It has been suggested
that immunological factors rather than direct cytotoxicity are
essential in the pathogenesis, since no obvious damage to the
endothelial cells is seen [11–13].
Several biomarkers have been shown to serve as indicators of
the severity of PUUV infection. The plasma levels of interleukin
(IL)-6, pentraxin-3 (PTX3), and indoleamine 2,3 dioxygenase
(IDO), all elements of the innate immunity, as well as of cellular
damage -reflecting cell-free DNA (cf-DNA) predict the outcome of
PUUV infection [16–19]. So does the urine levels of the
transcription factor necessary for the generation of type 2 T-cells,
GATA-3 [20]. On the contrary, although plasma CRP is elevated
in almost all of the patients with PUUV infection, high CRP level
does not indicate a more severe disease [19].
Urokinase-type plasminogen activator receptor (uPAR) is a
multifunctional glycoprotein, the expression of which is
increased during infection and inflammation [21,22]. It is
expressed on several different cell types, including monocytes,
activated T-lymphocytes, macrophages, neutrophils, endothelial
cells, and kidney podocytes [21,22]. uPAR interacts with several
molecules mediating immune system signals and promotes the
migration and adhesion of leukocytes by binding to b-integrins
[21,22]. Cell-cell contact has been shown to enhance the release
of the soluble form of the receptor (suPAR) by endothelial cells,
indicating a regulatory role of suPAR in cell adhesion [23]. The
levels of plasma suPAR are considered to represent the degree of
immunoactivation [22]. Plasma suPAR has been found to be
increased as well as predict disease severity in various
conditions, e.g. autoimmune diseases, cancer, malaria, tubercu-
losis, sepsis, and human immunodeficiency virus (HIV) infection
[22,24–30].
In the present study, our aim was to evaluate the association of
suPAR with the severity of acute PUUV infection and also assess
the possible role of suPAR in the pathogenesis of the disease.
Materials and Methods
Ethics statement
All subjects gave a written informed consent before participa-
tion and the study was conducted according to the principles
expressed in the Declaration of Helsinki and approved by the
Ethics Committee of Tampere University Hospital.
Patients
The study cohort consisted of 97 prospectively collected adult
patients with acute NE. The diagnosis of acute PUUV infection
was serologically confirmed in all cases [31]. The patients were
treated at the Tampere University Hospital (Tampere, Finland)
from November 2001 to February 2009. The median patient age
was 41 (range 22–77) years, and 63 (65%) were males. Part of the
patients (10–83 patients of the present cohort depending on the
previous study) has participated also in our previous studies [16–
20,32–35]. All the patients treated during November 2001 and
February 2009 were included in the study, if there was plasma left
for the analyses of suPAR concentration.
Study protocol
All 97 patients were examined during the acute phase of NE. A
detailed past and current medical history was obtained, and a
careful physical examination was performed. Blood samples were
collected between 7:30–9:30 in the morning for two consecutive
weekdays after hospitalization for the analysis of plasma suPAR.
Blood samples for the determination of plasma cf-DNA, PTX3,
IL-6, CRP, creatinine, and serum kynurenine (Kyn) and
tryptophan (Trp) levels, as well as the blood cell counts were
collected for up to five consecutive days. Other blood samples were
taken according to the clinical needs of the patient.
The highest and the lowest values of the various variables
measured during hospitalization for each patient were designated
as the maximum and minimum values.
Eighty-four (87%) of the 97 patients were also studied at the out-
patient clinic 1–4 weeks after the hospital period. The plasma
samples taken at the out-patient clinic after the hospital treatment
were regarded as control samples.
Methods
EDTA-treated plasma samples for suPAR determination were
collected from patients during hospitalization and at the out-
patient clinic and stored at 270uC until required for analysis.
Plasma suPAR levels were determined using a commercial
enzyme-linked immunosorbent assay (ELISA) (suPARnosticH
Standard kit;ViroGates A/S, Birkerød, Denmark) according to
the manufacturer’s instructions.
Plasma CRP and creatinine levels were analyzed using Cobas
Integra analyzer (F. Hoffman-La Roche Ltd, Basel, Switzerland).
Blood cell count was completed by hematological cell counters by
Bayer. Plasma IL-6 concentrations were determined as previously
described [36]. IDO level can be measured by determining the
ratio of Kyn to Trp in serum [37] by reverse-phase high
performance liquid chromatography (HPLC) as previously
described [38]. The Kyn/Trp ratio was calculated by relating
concentrations of Kyn to Trp. Plasma PTX3 determinations were
performed by using a commercially available human pentraxin-3
immunoassay (Quantikine, R&D Systems, Inc., Minneapolis,
MN), following the manufacturer’s instructions. Plasma cf-DNA
levels were determined as previously described [16]. Plasma IL-6,
PTX3, and cf-DNA, as well as serum Kyn and Trp concentrations
were measured afterwards from frozen samples.
Statistical Analyses
In order to describe the data, medians and ranges were given for
continuous variables and numbers and percentages for categorical
variables. Groups were compared using the Mann-Whitney U-
test. Correlations were calculated by the Spearman’s rank
correlation test. Wilcoxon’s test was used to compare two related
samples. All tests were two-sided, and statistically significant P-
values are given. All analyses were made with the SPSS (version
20) statistical software package (IBM, Chicago, IL).
Results
The clinical characteristics of the patients are shown in Table 1
and the laboratory variables measured during hospitalization in
Table 2. None of the patients was in clinical shock at the time of
admission and five patients (5%) needed hemodialysis treatment
during the hospital stay. No deaths occurred.
suPAR in Hantavirus Infection
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The maximum plasma suPAR levels taken during acute NE
were significantly elevated compared to the control values taken
after the hospitalization period (median 8.7 ng/ml, range 4.0–
18.2 ng/ml vs. median 4.7 ng/ml, range 2.4–12.2 ng/ml,
P,0.001). The control values were taken median 22 (range 15–
41) days after the onset of fever. Figure 1 shows the suPAR levels
in relation to the duration of the disease, i.e. the onset of fever.
The maximum plasma suPAR levels correlated with several
parameters reflecting the severity of acute PUUV infection
(Table 3). There was a positive correlation of suPAR with the
length of hospital stay and with the change in weight during
hospitalization, which reflects fluid retention during the oliguric
phase. Plasma suPAR also correlated positively with plasma
creatinine, CRP, PTX3, IL-6, IDO, and cf-DNA levels, as well as
with the blood leukocyte counts. An inverse correlation was
detected between maximum plasma suPAR level and minimum
urinary output as well as between maximum suPAR and minimum
platelet levels. There was no correlation between maximum
suPAR and age (Table 3).
The maximum suPAR level was higher in patients who required
dialysis treatment during hospitalization compared to patients who
managed without dialysis (Table 4). Patients who stayed longest
(.6 days) at the hospital had also higher suPAR levels than
patients with shorter hospitalizations. Furthermore, patients with
maximum creatinine level .200 mmol/l or maximum blood
leukocyte count .106109/l had higher suPAR levels compared to
patients with lower creatinine or leukocyte values. Significant
thrombocytopenia (platelet count ,506109/l) associated also with
higher suPAR levels. There was no difference in suPAR levels
between men and women (Table 4).
Discussion
In the present study, plasma suPAR levels in a hantavirus
infection are reported to our knowledge for the first time. The data
presented here show that plasma suPAR levels are clearly elevated
during acute PUUV infection. The suPAR values measured
during the acute phase were markedly higher than the control
values measured after the hospitalization and correspond with the
levels previously reported in bacteremic patients [25]. Further-
more, the convalescence phase levels correspond to the levels
previously measured in the general population [39]. The
maximum plasma suPAR levels also correlated with several
PUUV infection severity reflecting variables in the present study.
suPAR correlated positively with the length of hospital stay, the
change in body weight during hospitalization, plasma creatinine,
and the leukocyte counts. An inverse correlation was detected by
suPAR with minimum urinary output and minimum platelet
levels.
There was also a positive correlation between suPAR and the
biomarkers previously shown to predict the outcome of PUUV
infection, PTX3, IL-6, IDO, and cf-DNA [16–19]. PTX3, IL-6,
and IDO not only reflect the severity of PUUV induced NE, but
also the activation of the immune system, and are partly expressed
by the same type of cells as suPAR in response to inflammatory
signals. Furthermore, cf-DNA reflects the degree of cellular
damage. CRP, on the other hand, does not predict the outcome
of PUUV infection [19]. In the present study, however, suPAR
correlated also with CRP in PUUV-infected patients. This
probably is explained by CRP reflecting the activation of the
immune system, although it does not reflect the overall severity of
the disease in PUUV infection.
Systemic suPAR levels are considered to reflect the degree of
immunoactivation of the individual. This is corroborated by
numerous studies showing suPAR levels to be increased as well in
cancer as in various inflammatory and infectious diseases [22].
Furthermore, high suPAR concentrations are predictive of
outcome and mortality in these conditions [22]. Previous studies
on patients with infectious diseases have demonstrated that suPAR
can predict disease severity and case fatality in malaria,
tuberculosis, sepsis, bacterial meningitis, and some viral infections
[24–27,29,30,40–44].
Previously, suPAR has been studied only in a few viral
infections. However, in HIV infection, several studies show that
suPAR is a strong predictor of immunologic failure and mortality
[28,41]. In addition, the suPAR levels decrease with effective
antiretroviral therapy [40]. In patients with Crimean-Congo
hemorrhagic fever, suPAR is elevated and also predictive for
mortality [42]. Systemic suPAR levels also predict the progression
of liver fibrosis to cirrhosis in patients with chronic hepatitis C
[45,46]. Furthermore, elevated suPAR levels have been found in
the cerebrospinal fluid of patients with viral meningitis [44]. Here,
we demonstrate that suPAR is elevated and associates with severity
of the disease in PUUV-induced hantavirus infection.
The exact pathogenetic mechanisms in hantavirus infection are
currently still unclear. Pathological changes are marked by
increased capillary permeability in the affected organs, which also
explains many signs and symptoms in these infections [11–13].
Table 1. Clinical data of 97 patients with acute Puumala
hantavirus infection.
Median Range
Age (years) 41 22–77
Duration of fever before hospital
admission (days)
4 1–15
Total duration of fever (days) 7 2–19
Length of hospital stay (days) 6 2–15
Change in weight during
hospitalization (kg)
2.1 0–12.0
Minimum urinary output (ml/day) 1400 50–5800
doi:10.1371/journal.pone.0071335.t001
Table 2. Laboratory data of 97 patients with acute Puumala
hantavirus infection.
Median Range
suPAR max (ng/ml) 8.7 4.0–18.2
Creatinine max (mmol/l) 175 51–1499
Platelets min (109/l) 61 9–187
Hematocrit min 0.36 0.25–0.44
Leukocytes max (109/l) 10.4 3.9–31.2
CRP max (mg/l) 84.6 15.9–269.2
IL-6 max (pg/ml) (n = 29) 11.8 2.6–44.8
PTX3 max (ng/ml) (n = 42) 42.9 3.9–1085.5
IDO max (mmol/mmol) (n = 83) 202.2 47.7–3679.2
cf-DNA (mmol/ml) (n = 42) 1.35 1.04–3.29
Min =minimum, Max=maximum, suPAR= soluble urokinase-type plasminogen
activator receptor, CRP = plasma C-reactive protein, IL-6 = plasma interleukin-6,
PTX3 = plasma pentraxin-3, IDO= serum indoleamin 2,3-dioxygenase, cf-
DNA=plasma cell-free DNA.
doi:10.1371/journal.pone.0071335.t002
suPAR in Hantavirus Infection
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The endothelium of the small vessels in various organs is the
primary target in hantavirus infection, and the cellular entry of
pathogenic hantaviruses is mediated by b3-integrins [11,13–15].
Integrins are heterodimeric surface receptors on endothelial cells
and platelets, mediating cell-to-cell adhesion, cell migration,
extracellular matrix protein recognition, and platelet aggregation.
b3-integrins have an important role in regulating vascular
integrity, endothelial cell permeability, and platelet functions
[47]. Pathogenic hantaviruses probably interfere with these
Figure 1. Line chart showing soluble urokinase-type plasminogen activator receptor (suPAR) maximum (median 8.7 ng/ml, range
4.0–18.2 ng/ml) and convalesce phase concentrations (median 4.7 ng/ml, range 2.4–12.2 ng/ml) in relation to the onset of fever
(day 0) in 97 patients with Puumala hantavirus infection (P-value for the difference ,0.001). Short title: Line chart showing suPAR
maximum and convalescence concentrations in relation to the onset of fever.
doi:10.1371/journal.pone.0071335.g001
Table 3. The correlations of maximum plasma suPAR levels
with clinical and laboratory variables reflecting the severity of
the infection in 97 patients with acute Puumala hantavirus
infection.
R P-value
Length of hospitalization 0.325 0.001
Change in weight during
hospitalization
0.406 ,0.001
Urinary output min 20.332 0.002
Creatinine max 0.378 ,0.001
Platelets min 20.325 0.001
Hematocrit min 20.369 ,0.001
Leukocytes max 0.475 ,0.001
CRP max 0.298 0.003
PTX3 max 0.425 0.005
IL-6 max 0.621 ,0.001
IDO max 0.557 ,0.001
cf-DNA max 0.363 0.018
Min =minimum, Max =maximum, CRP =C-reactive protein, PTX3 = pentraxin-3,
IL-6 = interleukin-6, IDO= indoleamine 2,3-dioxygenase, cf-DNA= cell-free DNA.
doi:10.1371/journal.pone.0071335.t003
Table 4. Maximum plasma suPAR levels in different patient
groups in 97 patients with Puumala virus infection.
suPAR levels
Median Range P-value
Sex 0.841
Male 8.6 4.2–18.2
Female 8.8 4.0–15.3
Dialysis 0.038
Yes 10.8 8.6–18.0
No 8.4 4.0–18.2
Hospital stay 0.007
.6 days 9.2 6.5–18.2
#6 days 8.3 4.0–13.1
Minimum platelet level 0.019
,506109/l 9.7 5.7–18.2
$506109/l 8.2 4.0–15.6
Maximum leukocyte
count
,0.001
.1069/l 9.2 5.7–18.2
#1069/l 7.5 4.0–13.1
Maximum creatinine 0.001
.200 mmol/l 9.4 6.5–18.2
#200 mmol/l 8.0 4.0–15.6
doi:10.1371/journal.pone.0071335.t004
suPAR in Hantavirus Infection
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functions, hence increasing endothelial permeability [47]. uPAR,
in turn, interacts with integrins, including b3–integrins, and is
believed to regulate their activation degree by altering their
adhesive properties and signaling capacity [21,22].
In this study, we found that plasma suPAR is markedly elevated
in patients with PUUV-infection. Moreover, the higher the suPAR
level is, the severer is also the disease. Taken into account the role
of b3-integrins in the course of hantavirus infection, and on the
other hand, the interactions of (s)uPAR and integrins, our finding
presents as interesting. It brings up the possibility that increased
suPAR is involved in the pathogenesis of PUUV infection by
activating b3-integrins.
Conclusions
The plasma level of suPAR is elevated in acute PUUV
infection and associates with the severity of the disease.
Therefore, plasma suPAR determinations may offer a potential
diagnostic tool for assessing the severity and outcome of the
disease. In addition, it is possible that circulating suPAR is
involved in the pathogenesis of PUUV-induced hantavirus
infection by activating b3-integrins. However, future studies are
warranted to verify this assumption.
Acknowledgments
The skilful technical assistance of Ms Katriina Ylinikkila¨ and Ms Mirja
Ikonen is greatly appreciated.
Author Contributions
Conceived and designed the experiments: TKO LT SM RH NM HH AV
JM JA. Performed the experiments: NM JA. Analyzed the data: TKO SM.
Contributed reagents/materials/analysis tools: JA. Wrote the paper: TKO.
Produced the figure: HH. Drafted the article or revised it critically: TKO
LT SM RH NM HH AV JM JA. Approved the version to be
published:TKO LT SM RH NM HH AV JM JA.
References
1. Vapalahti O, Mustonen J, Lundkvist A˚, Henttonen H, Plyusnin A, et al. (2003)
Hantavirus infections in Europe. Lancet Infect Dis 3: 653–661.
2. Vaheri A, Henttonen H, Voutilainen L, Mustonen J, Sironen T, et al. (2013)
Hantavirus infections in Europe and their impact on public health. Rev Med
Virol 23: 35–49.
3. Heyman P, Vaheri A (2008) Situation of hantavirus infections and haemorrhagic
fever with renal syndrome in European countries as of December 2006. Euro
Surveill 13.
4. Makary P, Kanerva M, Ollgren J, Virtanen MJ, Vapalahti O, et al. (2010)
Disease burden of Puumala virus infections, 1995–2008. Epidemiol Infect 138:
1484–1492.
5. La¨hdevirta J (1971) Nephropathia epidemica in Finland. A clinical histological
and epidemiological study. Ann Clin Res 3: 1–54.
6. Mustonen J, Brummer-Korvenkontio M, Hedman K, Pasternack A, Pietila¨ K, et
al. (1994) Nephropathia epidemica in Finland: a retrospective study of 126 cases.
Scand J Infect Dis 26: 7–13.
7. Settergren B, Juto P, Trollfors B, Wadell G, Norrby SR (1989) Clinical
characteristics of nephropathia epidemica in Sweden: prospective study of 74
cases. Rev Infect Dis 11: 921–927.
8. Braun N, Haap M, Overkamp D, Kimmel M, Alscher MD, et al. (2010)
Characterization and outcome following Puumala virus infection: a retrospective
analysis of 75 cases. Nephrol Dial Transplant 25: 2997–3003.
9. Kanerva M, Paakkala A, Mustonen J, Paakkala T, Lahtela J, et al. (1996)
Pulmonary involvement in nephropathia epidemica: radiological findings and
their clinical correlations. Clin Nephrol 46: 369–378.
10. Paakkala A, Mustonen J (2007) Radiological findings and their clinical
correlations in nephropathia epidemica. Acta Radiol 48: 345–350.
11. Zaki SR, Greer PW, Coffield LM, Goldsmith CS, Nolte KB, et al. (1995)
Hantavirus pulmonary syndrome. Pathogenesis of an emerging infectious
disease. Am J Pathol 146: 552–579.
12. Cosgriff TM (1991) Mechanisms of disease in Hantavirus infection: pathophys-
iology of hemorrhagic fever with renal syndrome. Rev Infect Dis 13: 97–107.
13. Kanerva M, Mustonen J, Vaheri A (1998) Pathogenesis of Puumala and other
hantavirus infections. Rev Med Virol 8: 67–86.
14. Gavrilovskaya IN, Shepley M, Shaw R, Ginsberg MH, Mackow ER (1998)
beta3 Integrins mediate the cellular entry of hantaviruses that cause respiratory
failure. Proc Natl Acad Sci U S A 95: 7074–7079.
15. Gavrilovskaya IN, Brown EJ, Ginsberg MH, Mackow ER (1999) Cellular entry
of hantaviruses which cause hemorrhagic fever with renal syndrome is mediated
by beta3 integrins. J Virol 73: 3951–3959.
16. Outinen TK, Kuparinen T, Jylha¨va¨ J, Leppa¨nen S, Mustonen J, et al. (2012)
Plasma cell-free DNA levels are elevated in acute Puumala hantavirus infection.
PLoS One 7: e31455.
17. Outinen TK, Ma¨kela¨ S, Huhtala H, Hurme M, Meri S, et al. (2012) High
pentraxin-3 plasma levels associate with thrombocytopenia in acute Puumala
hantavirus-induced nephropathia epidemica. Eur J Clin Microbiol Infect Dis 31:
957–963.
18. Outinen TK, Ma¨kela¨ SM, Ala-Houhala IO, Huhtala HS, Hurme M, et al.
(2011) High activity of indoleamine 2,3-dioxygenase is associated with renal
insufficiency in Puumala hantavirus induced nephropathia epidemica. J Med
Virol 83: 731–737.
19. Outinen TK, Ma¨kela¨ SM, Ala-Houhala IO, Huhtala HS, Hurme M, et al.
(2010) The severity of Puumala hantavirus induced nephropathia epidemica can
be better evaluated using plasma interleukin-6 than C-reactive protein
determinations. BMC Infect Dis 10: 132.
20. Libraty DH, Ma¨kela¨ S, Vlk J, Hurme M, Vaheri A, et al. (2012) The Degree of
Leukocytosis and Urine GATA-3 mRNA Levels Are Risk Factors for Severe
Acute Kidney Injury in Puumala Virus Nephropathia Epidemica. PLoS One 7:
e35402.
21. Ossowski L, Aguirre-Ghiso JA (2000) Urokinase receptor and integrin
partnership: coordination of signaling for cell adhesion, migration and growth.
Curr Opin Cell Biol 12: 613–620.
22. Thuno M, Macho B, Eugen-Olsen J (2009) suPAR: the molecular crystal ball.
Dis Markers 27: 157–172.
23. Mustjoki S, Sidenius N, Vaheri A (2000) Enhanced release of soluble urokinase
receptor by endothelial cells in contact with peripheral blood cells. FEBS Lett
486: 237–242.
24. Eugen-Olsen J, Gustafson P, Sidenius N, Fischer TK, Parner J, et al. (2002) The
serum level of soluble urokinase receptor is elevated in tuberculosis patients and
predicts mortality during treatment: a community study from Guinea-Bissau.
Int J Tuberc Lung Dis 6: 686–692.
25. Huttunen R, Syrja¨nen J, Vuento R, Hurme M, Huhtala H, et al. (2011) Plasma
level of soluble urokinase-type plasminogen activator receptor as a predictor of
disease severity and case fatality in patients with bacteraemia: a prospective
cohort study. J Intern Med 270: 32–40.
26. Koch A, Voigt S, Kruschinski C, Sanson E, Duckers H, et al. (2011) Circulating
soluble urokinase plasminogen activator receptor is stably elevated during the
first week of treatment in the intensive care unit and predicts mortality in
critically ill patients. Crit Care 15: R63.
27. Mo¨lka¨nen T, Ruotsalainen E, Thorball CW, Ja¨rvinen A (2011) Elevated soluble
urokinase plasminogen activator receptor (suPAR) predicts mortality in
Staphylococcus aureus bacteremia. Eur J Clin Microbiol Infect Dis 30: 1417–
1424.
28. Sidenius N, Sier CF, Ullum H, Pedersen BK, Lepri AC, et al. (2000) Serum level
of soluble urokinase-type plasminogen activator receptor is a strong and
independent predictor of survival in human immunodeficiency virus infection.
Blood 96: 4091–4095.
29. Ostrowski SR, Ullum H, Goka BQ, Hoyer-Hansen G, Obeng-Adjei G, et al.
(2005) Plasma concentrations of soluble urokinase-type plasminogen activator
receptor are increased in patients with malaria and are associated with a poor
clinical or a fatal outcome. J Infect Dis 191: 1331–1341.
30. Uusitalo-Seppa¨la¨ R, Huttunen R, Tarkka M, Aittoniemi J, Koskinen P, et al.
(2012) Soluble urokinase-type plasminogen activator receptor in patients with
suspected infection in the emergency room: a prospective cohort study. J Intern
Med 272: 247–256.
31. Vapalahti O, Lundkvist A˚, Kallio-Kokko H, Paukku K, Julkunen I, et al. (1996)
Antigenic properties and diagnostic potential of Puumala virus nucleocapsid
protein expressed in insect cells. J Clin Microbiol 34: 119–125.
32. Laine O, Joutsi-Korhonen L, Ma¨kela¨ S, Mikkelsson J, Pessi T, et al. (2012)
Polymorphisms of PAI-1 and platelet GP Ia may associate with impairment of
renal function and thrombocytopenia in Puumala hantavirus infection. Thromb
Res 129: 611–615.
33. Laine O, Ma¨kela¨ S, Mustonen J, Helminen M, Vaheri A, et al. (2011) Platelet
ligands and ADAMTS13 during Puumala hantavirus infection and associated
thrombocytopenia. Blood Coagul Fibrinolysis 22: 468–472.
34. Laine O, Ma¨kela¨ S, Mustonen J, Huhtala H, Szanto T, et al. (2010) Enhanced
thrombin formation and fibrinolysis during acute Puumala hantavirus infection.
Thromb Res 126: 154–158.
35. Sane J, Laine O, Ma¨kela¨ S, Paakkala A, Jarva H, et al. (2012) Complement
activation in Puumala hantavirus infection correlates with disease severity. Ann
Med 44: 468–475.
36. Ma¨kela¨ S, Mustonen J, Ala-Houhala I, Hurme M, Koivisto AM, et al. (2004)
Urinary excretion of interleukin-6 correlates with proteinuria in acute Puumala
hantavirus-induced nephritis. Am J Kidney Dis 43: 809–816.
suPAR in Hantavirus Infection
PLOS ONE | www.plosone.org 5 August 2013 | Volume 8 | Issue 8 | e71335
37. Schrocksnadel K, Wirleitner B, Winkler C, Fuchs D (2006) Monitoring
tryptophan metabolism in chronic immune activation. Clin Chim Acta 364:
82–90.
38. Laich A, Neurauter G, Widner B, Fuchs D (2002) More rapid method for
simultaneous measurement of tryptophan and kynurenine by HPLC. Clin Chem
48: 579–581.
39. Eugen-Olsen J, Andersen O, Linneberg A, Ladelund S, Hansen TW, et al.
(2010) Circulating soluble urokinase plasminogen activator receptor predicts
cancer, cardiovascular disease, diabetes and mortality in the general population.
J Intern Med 268: 296–308.
40. Ostrowski SR, Katzenstein TL, Piironen T, Gerstoft J, Pedersen BK, et al.
(2004) Soluble urokinase receptor levels in plasma during 5 years of highly active
antiretroviral therapy in HIV-1-infected patients. J Acquir Immune Defic Syndr
35: 337–342.
41. Ostrowski SR, Piironen T, Hoyer-Hansen G, Gerstoft J, Pedersen BK, et al.
(2005) High plasma levels of intact and cleaved soluble urokinase receptor reflect
immune activation and are independent predictors of mortality in HIV-1-
infected patients. J Acquir Immune Defic Syndr 39: 23–31.
42. Yilmaz G, Mentese A, Kaya S, Uzun A, Karahan SC, et al. (2011) The
diagnostic and prognostic significance of soluble urokinase plasminogen
activator receptor in Crimean-Congo hemorrhagic fever. J Clin Virol 50:
209–211.
43. Ostergaard C, Benfield T, Lundgren JD, Eugen-Olsen J (2004) Soluble
urokinase receptor is elevated in cerebrospinal fluid from patients with purulent
meningitis and is associated with fatal outcome. Scand J Infect Dis 36: 14–19.
44. Garcia-Monco JC, Coleman JL, Benach JL (2002) Soluble urokinase receptor
(uPAR, CD 87) is present in serum and cerebrospinal fluid in patients with
neurologic diseases. J Neuroimmunol 129: 216–223.
45. Berres ML, Schlosser B, Berg T, Trautwein C, Wasmuth HE (2012) Soluble
urokinase plasminogen activator receptor is associated with progressive liver
fibrosis in hepatitis C infection. J Clin Gastroenterol 46: 334–338.
46. Andersen ES, Ruhwald M, Moessner B, Christensen PB, Andersen O, et al.
(2011) Twelve potential fibrosis markers to differentiate mild liver fibrosis from
cirrhosis in patients infected with chronic hepatitis C genotype 1. Eur J Clin
Microbiol Infect Dis 30: 761–766.
47. Mackow ER, Gavrilovskaya IN (2009) Hantavirus regulation of endothelial cell
functions. Thromb Haemost 102: 1030–1041.
suPAR in Hantavirus Infection
PLOS ONE | www.plosone.org 6 August 2013 | Volume 8 | Issue 8 | e71335
